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(57) The present invention relates to coating com- 
positions, preferably printing inks for security applica- 
tions comprising at least one organic resin, at least one 
pigment and optionally at least one organic solvent. Said 
pigment comprises glass ceramic composite particles, 
containing at least one crystalline particle embedded in 
a glass matrix. Said glass ceramic particles have a par- 
ticle size in the range of between 0.1 urn to 50 |im. Pref- 
erably active ions selected from the group of the rare- 



earth elements are incorporated into the crystalline 
phase of the composite to provide the glass ceramics 
with luminescent up- and down converting characteris- 
tics. Glass ceramic luminesceSits have excellent physi- 
cal and chemical stability. The glass matrix permits as 
well the stabilisation of the photophysically interesting 
halide host crystals which have low phonon energies. 
Such materials provide unusual excitation and emission 
properties. 
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Description 

[0001] The present invention relates to a coating com- 
position, preferably a printing ink for security applica- 
tions, to a method for producing a coating composition 5 
and to the use of glass ceramics according to the pre- 
ambles of the independent claims. 
[0002] Pigments which have luminescent properties 
(phosphors) are well known and are widely used as 
marking materials in security applications. Luminescent 10 
materials can absorb certain types of energy acting up- 
on them and subsequently emit this absorbed energy 
as electromagnetic radiation. Down-converting lumi- 
nescent materials absorb electromagnetic radiation at 
a higher frequency (shorter wavelength) and re-emit it 15 
at a lower frequency (longer wavelength). Up-convert- 
ing luminescent materials absorb electromagnetic radi- 
ation at a lower frequency and re-emit part of it at a high- 
erfrequency. Luminescent materials are used for coding 
and marking of mass-produced goods, high value 20 
branded articles and security documents. In certain cas- 
es an up-converting luminescent is added as a hidden 
"tagganf to a transparent or colorless coating compo- 
sition or printing ink, which is applied to branded goods 
in form of barcodes, company emblems, labels, etc. This ' 25 
allows a subsequent recognition of the genuine article 
in the fight against counterfeiters and product piracy. 
[0003] Light emission of luminescent materials arises 
from excited states in atoms or molecules. The radiative 
decay of such excited states has a characteristic decay 30 
time, which depends on the material and can range from 
10* 9 seconds up to various hours. 
[0004] Short-lived luminescent emission is usually 
called fluorescence, whereas long-lived emission is 
called phosphorescence. Materials of either type of 35 
emission are suitable for the realisation of machine- 
readable codes. Machine-readability is a necessary pre- 
requisite for mass treatment of goods, e.g. in automated 
production, sorting, quality control, packaging or au- 
thentication operations. Machine-verification is also ap- 40 
plied outside production or logistic chains for counterfeit 
or fraud detection. 

[0005] The common up-converting materials are of in- 
organic nature and consist essentially of a crystal lattice 
in which rare-earth ions are present as activators and 45 
sensitizers. The excitation and emission characteristics 
of up-converting materials are inherent characteristics 
of the rare earth ions employed. Their corresponding op- 
tical absorption and emission processes are due to elec- 
tron transitions within the incompletely filled 4f shell of so 
the rare earth ion. This electron shell is strongly shielded 
from the chemical environment of the atom, such that 
variations in the crystal lattice, thermal vibrations, etc. 
have only a marginal influence on it. Consequently, rare- 
earth ions have narrow band optical absorption and 55 
emission spectra, which are to a great extent independ- 
ent of the nature of the crystal lattice. The sharp, discrete 
bands and the low interaction with the crystal lattice usu- 



ally result in a high saturation of the luminescence color 
and a high luminescence quantum yield. 
[0006] Rare-earth ion luminescence activators have 
relatively long-lived excited states and a particular elec- 
tronic structure. This permits the energy of two or more 
photons in succession to be transmitted to one single 
luminescence centre and cumulated there. An electron 
is thus promoted to a higher energy level than that cor- 
responding to the incoming photon energy. When this 
electron returns from its higher level to the ground state, 
a photon having about the sum of the energies of the 
cumulated exciting photons is emitted. In this way it is 
possible to convert e.g. IR radiation into visible light. Al- 
kali and alkaline earth metal halides, and the halides, 
oxyhalides and oxysulfides of yttrium, lanthanum and 
gadolinium are principally used as the host material, 
whereas e.g. Er 3 *, Ho 3 * and Tm 3+ serve as the activa- 
tors. Additionally, ytterbium(3+) and/or other ions can be 
present in the crystal lattice as sensitizers to increase 
the quantum yield. 

[0007] Down-converting luminescents are either of in- 
organic or of organic (molecular) nature. Irradiation of 
the luminescent with short-wave light promotes an elec- 
tron to a higher excited state. Decay of this higher ex- 
cited state usually follows a cascade to next-lower ex- 
cited states, and finally to the ground state, and produc- 
es light emissions having longer wavelength than the 
exciting radiation. Typical down-converting lumines- 
cents convert UV to visible light. Conversion of UV or 
visible light to IR, or of lower wavelength IR to higher 
wavelength IR is also possible. Usually up-converting 
luminescents can also be exploited in down-converting 
modes. 

[0008] However a lot of up-and down-converting ma- 
terials are not stable when exposed to oxygen, humidity, 
and, in particular, to organic solvents and/or media con- 
taining chemical oxidising or reducing agents. Thus the 
choice of luminescent materials, particularly of up-con- 
verters which are suitable for being blended as pigments 
into polymer compositions, such as coating composition 
or printing inks, is limited to only a few types of host crys- 
tals. 

[0009] GB 2 258 659 and GB 2 258 660 describe up- 
converting materials based on yttrium oxysulfide 
(Y 2 0 2 S), doped with erbium and ytterbium. Further dis- 
closed is the use of such materials as pigments in print- 
ing inks for security applications. 
[001 0] Since compositions, synthesis and absorption/ 
emission properties of the common up- and down-con- 
verting materials fulfilling the necessary stability criteria 
are more and more known to counterfeiters as well, 
there is a constant need for new up-and down-convert- 
ing materials, having uncommon composition and prop- 
erties, such as particular luminescence decay charac- 
teristics, and/or particular luminescence efficiency and/ 
or, in its case, particular branching ratios between mul- 
tiple emission possibilities, all of them being exploitable 
for security purposes. 
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[O011] It is an object of the present invention to over- 
come the drawbacks of the prior art. 
[0012] Particularly it is an object of the invention to 
provide new luminescent pigments, especially those 
having unusual excitation/emission characteristics. It is 
a further object of the invention to provide up- and down- 
converting pigments which are resistant to environmen- 
tal influences, particularly against organic resins and/or 
solvents. 

[0013] These objects are solved by the features of the 
independent claims. Particularly they are solved by a 
coating composition, preferably a printing ink for secu- 
rity applications, comprising at least one organic resin, 
at least one pigment and optionally at least one solvent, 
characterised in that said pigment comprises glass ce- 
ramic particles which contain at least one cristalline 
phase embedded in a glass matrix, said pigment having 
a particle size in the range of between 0.1 \irr\ to 50 Jim. 
[0014] Preferably the glass ceramic particles have a 
particle size in range of between 1 |j,m to 20 |im and 
even more preferably in the range of between 3 |im to 
10 pm 

[0015] Glass ceramics are composite solids, which 
are formed by controlled devitrification of glasses. (See 
Rompp Chemie Lexikon, ed. J. Felbe, M. Regitz, Sedi- 
tion 1990, page 156.) They can be manufactured by 
heating (tempering) suitable precursor glasses to allow 
for partial crystallisation of part of the glass composition. 
Glass ceramics comprise thus a certain amount of a 
crystalline phase, embedded in a surrounding glass 
phase. 

[0016] In a preferred embodiment of the present in- 
vention the crystalline phase of the glass ceramics com- 
prise a luminescent material. This is of particular interest 
and value for luminescent materials, which are not sta- 
ble in an ordinary environment, and which can in this 
way be protected from the adverse influence of oxygen, 
humidity, etc. The glass matrix protects the crystalline 
phase from dissolution in an adverse environment, and 
permits incorporation into a coating composition or the 
like. New types of luminescent materials are thus ame- 
nable to printing applications by this method. 
[0017] Many photophysically interesting luminescent 
host materials are e.g. water soluble to a certain extent, 
like the fluorides, chlorides or bromides of the lanthanide 
elements. The solubility is due to the rather weak elec- 
trostatic crystal lattice forces tied to mono-negative an- 
ions. The same materials show, due to the same reason 
and/or to the presence of heavy ions, only low-frequen- 
cy vibrational modes (phonon modes) of their crystal lat- 
tices. The absence of high-frequency vibrational modes 
results in largely increased excited state life times and 
luminescence quantum yields. The reasonforthis is that 
the probability of vibrational desexcitation of an elec- 
tronically excited activator ion is low if the energy gap 
to the next lower lying electronic level is much larger 
than the energy of the highest vibrational mode (phonon 
energy) of the crystal lattice. Energy transfer to the crys- 



tal lattice becomes negligible in such cases. Host ma- 
terials with low phonon energy would thus be highly de- 
sirable, especially in the field of up-converting phos- 
phors where long-lived excited states are needed for 
5 achieving high quantum yields. The water-solubility and 
moisture sensitivity of lanthanide halides and related 
materials has up to now prevented corresponding tech- 
nical applications. 

[0018] Preferably the crystalline component of the 
10 glass ceramics has a phonon energy not exceeding 580 
cm* 1 , preferably not exceeding 400 cm" 1 and even more 
preferably not exceeding 350 cm" 1 . These values stand 
for rather low-phonon energy, which are especially suit- 
able as luminescence hosts because they allow for 
15 emissions from excited energy levels that would other- 
wise be quenched in high phonon energy solids, such 
as oxides or the like. 

[0019] Phonons, as mentioned, are crystal lattice vi- 
brations in a material. The relevant phonon energy is 

20 tied by Planck's relationship E=hv to the frequency v of 
the highest measured MIR absorption band of the com- 
pound. If an excited rare earth ion has a transition pos- 
sibility between two energy levels of interest, that cor- 
responds to only a few times the phonon energy of the 

25 host lattice, the energy will be preferably and rapidly dis- 
sipated to the crystal lattice, without emission of elec- 
tromagnetic radiation (radiation less transition). In ahost 
lattice with much lower phonon energy, the same tran- 
sition will preferably radiate. In intermediate cases, both 

30 processes, radiating, and radiationless desactivation, 
will compete with each other. 

[0020] In the Pr 3 * ion, the 1 G 4 level of Pr 3 * is only 
3000 cm* 1 above the 3 F 4 level. In an oxide matrix, such 
as a praseodynium glass, only few Si-O vibration pho- 

35 nons (1100 cnr 1 ) are required to bridge this gap. Thus 
any excited electron in the 1 G 4 level will rapidly return 
to the 3 F 4 level by exciting crystal lattice phonons, and 
no electromagnetic radiation of the corresponding 
wavelength is produced. In a Pr° + doped LaF 3 matrix, 

40 the phonon energy is 350 cm* 1 , and the 1 G 4 to 3 F 4 tran- 
sition of the Pr 3 * ion occurs radiatively. Additionally, the 
live time of the 1 G 4 state is strongly increased. 
[0021] Since phonon energies are controlled by. the 
bond strengths and the masses of the ions forming the 

45 crystal lattice, heavy elements with weak bonding will 
provide the lowest phonon energy materials. The heavy 
metal fluoride glasses such as e.g. ZBLAN 
(53ZrF 4 .20BaF 2 -4LaF 3 -3AIF 3 -20NaF) have half the 
maximum phonon energy of silicates and thus take 

50 twice as many phonons to quench the 1 G 4 level of Pr 34 . 
ZBLAN glasses, a well known host lattice for laser and 
fibre-optic applications, can also be used as the glass 
component of glass ceramic composites according to 
the present invention. 

55 [0022] Preferably the glass ceramic is substantially 
transparent to electromagnetic radiation in the range of 
between 400 nm to 750 nm, i.e. in the visible range of 
the electromagnetic spectrum. Transparency of glass 
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ceramics are determinated by the average dimensions 
of the embedded crystals and/or the refractive index dif- 
ference between the crystals and the glass matrix. 
[0023] In a preferred embodiment average dimen- 
sions of the crystals are not exceeding 50 nm , preferably 
not exceeding 40 nm. Exceeding crystal size results in 
opaqueness of the glass ceramic. 
[0024] Preferably, the average distance from one em- 
bedded crystal to another in the glass matrix should be 
in the order of the crystal size, e.g. not exceeding 50 nm 
and preferably not exceeding 40 nm. Apart from trans- 
parency another important aspect is the protection of the 
crystals by the glass matrix. Those host crystals having 
poor stability towards environmental influences and be- 
ing neither physically nor chemically resistant towards 
organic resins., solvents, humidity, etc. can efficiently be 
protected by a glass matrix having such chemical and 
physical resistance. If the size of the embedded crystals 
are according to the preferred embodiment of the 
present invention, the grinding of the glass ceramics to 
pigment size particles is surprisingly possible without 
adversely affecting the luminescent properties of the 
glass ceramics. The photoactive crystals remain thus 
protected by the surrounding glass matrix. 
[0025] In a preferred embodiment at least one crystal 
in the glass matrix comprises an active ion. 
[0026] In the context of the present invention the ac- 
tive ion being present in at least one of the crystals in 
the glass matrix are rare earth ions having an appropri- 
ate electronic structure, particularly suitable are rare 
earth ions selected from the group consisting of Pr 3 -*-, 
Nd 3 * Sm 3+ , Eu 3 *, Tb 3+ , Dy 3 *, Ho 3+ , Er 3 * Tm 3 * and 
Yb 3 * 

[0027] In a preferred embodiment of the present in- 
vention the glass ceramics is an oxyfluoride glass ce- 
ramics. Oxyfluorides have the low phonon energy of a 
fluoride matrix and the durability and mechanical prop- 
erties of an oxide glass. The oxide glass will determine 
the mechanical and physical properties of the composite 
whereas the optical properties of the active ion will be 
controlled by the embedded fluoride crystalline phase. 
[0028] A preferred glass matrix in the present inven- 
tion for oxyfluorides consists essentially of NAS glass 
(Na 2 0-Al 2 0 3 -Si0 2 ). NAS as host glass shows favoura- 
ble properties with respect to melting and forming, good 
transparency and excellent durability. The content of 
Si0 2 preferably is between 30 mol% to 90 mol% of the 
mols of the glass, preferably between 50 mol% and 80 
mol%. The higher the Si0 2 content in the glasses the 
more viscous they get and the easierthey can be formed 
into large blocks. However, the fluoride retention is less 
than in glasses which have a Si0 2 content towards the 
lower limit. The Si0 2 can be replaced e.g. by Ge0 2 and 
Al 2 0 3 by Ga 2 0 3 . The alkali content (Na 2 0) can be re- 
placed fully or partly by other alkalis, mixture of alkalis 
or alkaline-earths such as BaO. Many other ingredients 
can be added to the NAS glass in order to modify and 
tailor the refractive index, expansion, durability, density 



and color of the glass matrix. 

[0029] Preferably the crystal phase in the oxyfluorides 
comprise LaF 3 . LaF 3 -glass ceramics can be manufac- 
tured by heat treating (tempering) Al 2 0 3 rich NAS glass 

5 saturated with LaF 3 . The solubility of LaF 3 is determined 
by the Al 2 0 3 in the glass. LaF 3 levels far below the sol- 
ubility limit results in stable glasses that do not form 
glass ceramics when heat treated. Therefore the con- 
tent of LaF 3 in the glass has to be within ± 15 %, pref- 

io erably 10 % of the solubility limit of LaF 3 . In case the 
alkali content is replaced by alkaline-earth compositions 
the solubility of LaF 3 is raised. Therefore the amount of 
LaF 3 should be increased. LaF 3 glass ceramics shows 
a chemical resistance which is in many aspects better 

15 than glass ceramics used before, e.g. ZBLAN glass ce- 
ramics. 

[0030] The LaF 3 crystal phase allows the partition of 
any rare earth. Therefore a huge variety of up- and down 
converting materials with very unusual electronic struc- 
20 tures can be provided, which are responsive to excita- 
tion radiation not commonly used in product security. 
Thus those glass ceramics in combination with at least 
a two photon excitation according to the advanced prod- 
uct security system of the present invention broadens 
25 the application of up-converters substantially. 

In a preferred embodiment the oxyfluoride glass ceram- 
ics is transparent and colorless to the human eye. 
[0031] By controlling the correct microstructure, 
transparency of oxyfluoride glass ceramics may be 
30 achieved which is equivalent to best optical glasses. 
Generally the microstructure of the LaF 3 glass ceramics 
is a function of the heat treatment temperature. When 
heat treated at 750°C for 4 h a large number of relatively 
small (ca. 7 nm) LaF 3 crystals are visible. At higher tem- 
35 perature the crystallites grow larger. At 800°C the aver- 
age crystal has a dimension of 20 nm and at 825°C over 
30 nm average crystallite size is observed. Since appro- 
priate crystallite size is the main influence factor for 
transparency, the glass ceramics formed at 750°C for 4 
*o h resulted in the most transparent of all. Even with the 
increase of crystallite size related with the heat treat- 
ment up to 775°C the transparency was still higherthan 
of untreated material. The transparency is measured as 
a function of the extinction which is the sum of the total 
45 loss of scattering and absorption effects. Above 850°C 
the oxyfluoride glass ceramics becomes opaque. 
[0032] The tempered glass ceramic can be ground to 
pigment. Optimal particle size for most printing applica- 
tions is in the order of 3 to 10 fim. After incorporating 
so such transparent oxyfluoride glass ceramic particles in- 
to a transparent coating or ink vehicle, an invisible prod- 
uct coding can be applied to a substrate. Since the ox- 
yfluoride glass ceramic pigments can be designed with 
emission properties which do not respond to the excita- 
55 tion radiation of commonly used wavelengths it be- 
comes very difficult for a potential counterfeiter to local- 
ise and identify the marking or to retro-engineerthe pig- 
ment. 
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[0033] The coating composition, preferably printing 
ink, of the present invention further comprises binders. 
The binders used in the present invention may be se- 
lected from any of the polymers known in the art. Poly- 
mers useful in coating composition, preferably printing 
inks include alkyds, polyurethanes, acrylics, polyvinyla- 
Ikohols, epoxy-resins, polycarbonates, polyesters, etc. 
The polymers may be thermoplastic, oxidatively 
crosslinkable or radiation curable e.g. under UV-radia- 
tion. In the latter cases the resins comprise suitable 
cross-linkable functional groups. Such groups can be 
hydroxy, isocyanate, amine, epoxy, unsaturated C-C 
bonds, etc. These groups may be masked or blocked in 
such a way so that they are unblocked and available for 
the cross-linking reaction under the desired curing con- 
ditions, generally elevated temperatures. 
[0034] The above- described polymers can be self- 
crosslinkable or the coating composition can include a 
separate cross-linking agent that is reactive with the 
functional groups of the polymer. 
[0035] The coating composition, preferably printing 
ink, of the present invention can be solvent- or water- 
borne. Although the printing ink or coating composition 
of the present invention may be utilized in the form of 
substantially solid powder or dispersion a rather liquid 
state is preferred. The organic solvents can be of the 
polar or apolar type depending on the binder polymers 
employed. 

[0036] Other pigments and or fillers may be present. 
The term "filler is defined according to DIN 55943: 
1993-11 and DIN EN 971-1:1996-09. Filler is a sub- 
stance in granular or pulvery form which is insoluble in 
the other components of the coating composition, pref- 
erably printing ink and is used to provide and influence 
certain physical properties of the overall composition. 
[0037] The term "pigment" is to be understood ac- 
cording to the definition given by DIN 55943:1993-11 
and DIN EN 971 -1 :1 996-09. Pigments are colouring ma- 
terials in pulvery or plate-like dimensions which are - 
contrary to dyes - not soluble in the surrounding medi- 
um. Functional pigments such as magnetic, corrosion 
inhibiting-. and/or electroconductive pigments may be 
employed as well. 

[0038] The coating composition, preferably printing 
ink may comprise other additives, such as rheology con- 
trol agents, waxes, passive resins, i.e. resins which do 
not contribute to the film forming process, surfactants, 
soluble dyes, synergists, photo initiators, etc. 
[0039] The coating composition, preferably printing 
ink, may be applied to the underlying substrate by any 
of the known deposition processes, such as spraying, 
brushing, dipping. Preferably it is applied by printing 
techniques such asflexo-, gravure-, screen, intaglio, let- 
ter press and offset printing. 



6 755A1 8 
Claims 

1. Coating composition, preferably printing ink for 
security applications, comprising at least one or- 

5 ganic resin, at least one pigment and optionally at 
least one organic solvent, characterized in that said 
pigment comprises glass ceramic composite parti- 
cles which contain at least one crystalline phase 
embedded in glass matrix, said pigment having a 

10 particle size substantially comprised in the range of 
between 0.1 ^im to 50 \im. 

2. Coating composition according to claim 1 char- 
acterized in that the pigments have a particle size 

15 in the range of between 1 |im to 20 urn, more pref- 
erably in a range of 3 ^m to 1 0 \im 

3. Coating composition according to claim 1 or 2 
characterized in that the crystalline phase of the 

20 glass ceramic particle comprises a luminescent ma- 
terial. 

3. Coating composition according to one of the 
claims 1 to 3 characterized in that the crystalline 
25 phase of said glass ceramic particle has a phonon 
energy not exceeding 580 cm' 1 , preferably not ex- 
ceeding 400 cm* 1 and even more preferably not ex- 
ceeding 350cnr 1 . 

30 5. Coating composition according to one of the 
claims 1 to 4 characterized in that the glass ceramic 
particle is transparent to electromagnetic radiation 
in the range of between 400 to 750 nm. 

35 6. Coating composition according to one of the 
claims 1 to 5 characterized in that the crystalline 
phase of said glass ceramic particle has average 
dimensions not exceeding 50 nm, preferably not ex- 
ceeding 40 nm. 

40 

7. Coating composition according to one of the 
claims 1 to 6 characterised in that said crystalline 
phase of said glass ceramic particle contain at least 
one active ion for providing long wave to short wave 

45 light converting properties. 

8. Coating composition according to one of the 
claims 1 to 7 characterised in that said crystalline 
phase of said glass ceramic composite contain at 

50 least one active ion for providing short wave to long 
wave light converting properties. 

9. Coating composition according to claim 7 to 8 
characterised in that said active ion is a rare-earth 

55 ion, preferably selected from the group of consisting 
of Pr**, Nrf*. Sm3+, Eu^, Tb^, Dy 3 * Ho*+ Er 3 * 
Tm3+ and YtfK 
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10. Coating composition according to one of the 
claims 1 to 9 characterized in that the glass ceramic 
particle is an oxyfluoride glass ceramics. 

11 . Coating composition according to 1 0 character- 5 
ized in that the crystalline component of the glass 
ceramic particle comprises LaF 3 . 

12. Coating composition according to one of the 
claims 1 0 or 1 1 characterized in that the glass matrix 10 
consisting essentially of Na 2 O AI 2 0 3 Si02. 

13. Security document characterized in that it com- 
prises at least one layer produced by the coating 
composition, preferably a printing ink, according to *5 
one of the claims 1 to 12. 

14. Use of at least one glass ceramic particle ma- 
terial having luminescent properties as a pigment. 

20 

15. Method of producing a coating composition, 
preferably printing ink, comprising glass ceramic 
particles as pigments comprising the steps of 

providing glass ceramic pigment by conminut- 25 
ing said glass ceramic composite material to 
the required particle size, 
incorporating said glass ceramic pigment into 
a coating composition or ink formulation, com- 
prising at least one organic resin, at least one 30 
pigment and optionally at least one organic sol- 
vent. 
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